Background: Collecting system injury and urinary extravasation is an important yet understudied aspect of renal trauma. We aimed to examine the incidence of urinary extravasation and also the rates of ureteral stenting after high-grade renal trauma (HGRT) in adults.
Introduction
Traumatic renal injuries are comprised of a spectrum of parenchymal, vascular, and renal pelvic lacerations. An important aspect of renal trauma is the diagnosis and management of urinary extravasation. Urinary extravasation may be a relative indication for intervention and a reason for failure of conservative management after high-grade renal trauma (HGRT) (1) . A timely and precise diagnosis of urinary extravasation, and proper intervention, can potentially minimize complications after HGRT.
The majority of renal trauma literature is focused on parenchymal lacerations and the risk of bleeding.
Original Article
Incidence of urinary extravasation and rate of ureteral stenting after high-grade renal trauma in adults: a meta-analysis Despite the importance of properly diagnosing urinary extravasation, very little is known about the true incidence of urinary extravasation after HGRT (2) . It is believed that most cases of minor urinary extravasation will heal spontaneously; ureteral stenting is commonly used when an intervention is needed or if complications arise. However, the rates of stenting, as well as its indications, are also not well defined. We aimed to perform a review and pool data from the published literature, to examine the incidence of urinary extravasation after adult HGRT and also the rates of ureteral stenting in management of urinary extravasation.
Methods
A scoping review design was used to map the existing literature and clarify concepts related to incidence and management of urinary extravasation using an a priori protocol to define our objectives and methods as previously described (3) . Full details of the methods used are available as supplementary material.
Criteria for inclusion of studies were: adult renal trauma patients, studies published in 1989 or later [after the publication of the current American Association for the Surgery of Trauma (AAST) grading system], and quantification of number of patients with HGRT (using AAST grading or equivalents), number with urinary extravasation, and number who underwent ureteral stenting.
We used the AAST grading for classification of renal injuries (4) . HGRT was defined as AAST grades III-V or equivalents if converting to AAST grading was possible. Similarly, grades III-V renal injuries according to the proposed revisions to the original AAST grading system were considered HGRT (5). We also converted the Japanese Association for the Surgery of Trauma (JAST) classifications to the corresponding AAST grades IV and V based on the scales suggested by Nishizawa et al. (6) . We only calculated rates for ureteral stenting, because other procedures such as nephrostomy tube, peri-renal drain placement, and open surgeries were inconsistently reported, making it impossible to calculate meaningful intervention rates for these other procedures.
A sensitive search strategy was developed for Ovid Medline, peer-reviewed, then translated to Embase, CINAHL, and Cochrane Library databases. No language or study design filter was used. EndNote X7 software (Clarivate Analytics, Boston, MA, USA), was used to manage and deduplicate references.
Title, abstract and full-text screening were conducted independently by two reviewers with disagreements resolved by consensus or a third reviewer. A data extraction form was developed to collect the information including: full reference details, study design and duration, mechanism of trauma, total number of participants, number of patients with HGRT, grades of injury, number of patients with urinary extravasation, and number of patients treated with ureteral stenting. Data extraction was conducted by both reviewers. Incidence of urinary extravasation was calculated based on the extracted values for each study. The rates of urinary extravasation were reported differently based upon studies' inclusion criteria and whether studies reported urinary extravasation rates in populations of grades III-V, IV-only, or IV-V. Separate and detailed rates were extracted from each study when the information was available. Rate of ureteral stenting was calculated in patients diagnosed with urinary extravasation. A meta-analysis of single sample binary proportions was performed using a random-effects model to pool the estimates and calculate confidence intervals (CIs) using STATA-15 statistical software (Stata corp., College Station, TX, USA). Figure 1 shows the screening and study selection steps according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (7). A total of 27 studies were included for full data extraction. Most studies were retrospective and mostly involved blunt renal trauma. Twenty-four studies contained information, which could be used to calculate urinary extravasation rates (2, 6, . A total of 20 studies contained enough information to calculate ureteral stenting rates for urinary extravasation (2, 8, 9, (11) (12) (13) (14) (15) (18) (19) (20) (21) (23) (24) (25) (29) (30) (31) (32) (33) . Three studies were only used to calculate stenting rates without containing information to calculate incidence of urinary extravasation (30) (31) (32) .
Results

Incidence of urinary extravasation
Of the 24 studies that were included for calculating urinary extravasation rates, only 4 were prospective (8, 13, 20, 23) ; three of them from the same center and with some overlap in data (13, 20, 23) . Two of the 24 included studies, which met our inclusion criteria, are meeting abstracts with no published manuscript (17, 24) . Seventeen studies included data on only blunt renal trauma, 6 on both blunt and penetrating injuries (2, 8, 9, 11, 21, 28) , and 1 on penetrating injuries only (17) ( Table 1) .
In 5 studies (9, 15, 18, 20, 22) , rates of urinary extravasation were only available for patients with grade IV injuries and in 6 studies (6, 10, 12, 13, 19, 26) this rate was only available for grade IV-V injuries combined. The other studies included sufficient detail to calculate rates for different combinations of renal injury grades ( Table 1) . Incidence of urinary extravasation was 29% (95% CI: 17-42%) when all grade III-V injuries were combined, 74% (95%: CI: 61-85%) when only grade IV renal injuries were reported, and 51% (95% CI: 38-64%) when grades IV and V injuries were combined (Figure 2A,B,C) .
Rate of ureteral stenting for urinary extravasation
A total of 20 studies contained information to calculate rates of ureteral stenting for urinary extravasation. Five studies (18, 20, 23, 29, 33) were not included in the meta-analysis for stenting rates because of data overlap with other studies included in the analysis (9, 13, 32) . Table 2 summarizes the 15 studies included for calculating rate of ureteral stenting for urinary extravasation. Overall, 29% (95% CI: 22-36%) of patients with urinary extravasation received ureteral stenting either immediately or in a delayed fashion (Figure 3 ).
Discussion
Most estimations on the incidence of urinary extravasation and ureteral stenting after renal trauma are inferred from few studies with small sample sizes. This study pools the results from multiple studies and the findings provide a more comprehensive estimate for urinary extravasation and ureteral stenting. In our meta-analysis, urinary extravasation 
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was diagnosed in about 30% of HGRT (defined as AAST grade III to V). This rate was naturally higher (51%) when only grade IV and V injuries were considered. In our pooled analysis, about 29% of patients with urinary extravasation after HGRT underwent ureteral stenting.
True incidence of urinary extravasation after HGRT is difficult to estimate due to the limitations of the current evidence. Studies are usually small and from single institutions, and the definitions and grading systems used in different studies are inconsistent. Accurate diagnosis of urinary extravasation requires obtaining abdomen/pelvis CT scans with a delayed excretory phase as recommended by the American Urological Association (AUA) urotrauma guidelines (34) . Many of the patients who present in shock or undergo immediate laparotomy do not have a pre-operative CT scan available. Additionally, excretory phase images are not always obtained in trauma patients as the compliance with these imaging recommendations are variable even in level-1 trauma centers (21) . As a result, we observed a wide range for incidence of urinary extravasation between studies in our analysis (e.g., range of 6.5-67% for grade III-V injuries). It could be argued that pooling the results for grade III-V injuries add little additional information as by definition grade III injuries do not include collecting system injuries, and presence of urinary extravasation would upgrade the injury to grade IV. However, in real practice, many patients do not undergo initial delayed phase imaging-which is necessary for accurate grading-and some injuries are initially classified as grade III until complications arise or adequate imaging is performed. Thus, rates of urinary extravasation after HGRT (which includes grade III) provides a better estimation of the prevalence and burden of urinary extravasation after HGRT and calls for prospective trials to study optimal management of this condition.
When considering grade IV injuries, we found a 74% rate of urinary extravasation. Renal injuries are graded as IV either when there is a large laceration leading to collecting system injuries or when specific vascular injuries are present. As expected, most grade IVs are based on the hallmark of collecting system laceration; however, variations in grading definitions can lead to over-or under-estimation of the proportion of grade IV patients with urinary extravasation. For example, in some studies, the authors used adaptations of the AAST grading by dropping the vascular component of grade IV classification (29) . This essentially makes all grade IV injuries collecting system lacerations (i.e., 100% rate of urinary extravasation for grade IV). However, based Transl Androl Urol 2018;7(Suppl 2):S169-S178 tau.amegroups.com © Translational Andrology and Urology. All rights reserved.
on the proposed revised AAST classification (5), about 60% of grade IV injuries are collecting system lacerations while another 40% are segmental vascular injuries (9) . Thus, a grade IV injury is not equivalent to having urinary extravasation and reporting injury specifics is required for a better understanding of injury patterns and management protocols.
Guidelines for management of urinary extravasation after renal injury are not well established. It is widely believed that most cases of urinary extravasation-as high as 76% to 90%-will heal spontaneously and without any intervention (29) (30) (31) . Endoscopic ureteral stenting has HGRT, high-grade renal trauma; B, blunt injury; P, penetrating injury.
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been recommended for cases of persistent or progressive extravasation, which was estimated to occur in 13-26% of patients with urinary extravasation (35) . The observed rates of stenting in our meta-analysis (29%, 95% CI: 22-36%) suggests higher rates of ureteral stent use for urinary extravasation; however, it remains unknown in what fraction of patients ureteral stenting could be avoided and how many patients actually underwent stenting due to complications. The variation in ureteral stenting rates largely depends upon clinicians' beliefs about the best management for urinary extravasation and there are likely significant variations in management protocols at different centers (21) . For example, in a survey by Yeung et al., trauma surgeons were more likely to opt for early stenting for urinary extravasation, while urologists had a higher threshold for intervention and usually relied on follow-up imaging and clinical symptoms (36) .
Several theoretical concerns arise with overuse of ureteral stents. One concern is that endoscopic procedures may potentially contaminate perinephric collections and increase the risk of infected hematoma or urinoma. Also, ureteral stents are generally used by urologists to bypass obstructions such as a ureteral stricture or calculi. While blood clots may obstruct the kidney and encourage urinary extravasation, in many circumstance, there is an axiomatic but potentially false belief that a stent will increase urinary flow out of the kidney. In fact, the ureter is designed to maximize flow with its peristaltic action and may be far better at emptying the kidney compared to a stent in place (37) . This study has several limitations. There is obvious selection bias in the included studies; i.e., emergency operative cases and those that did not have appropriate imaging studies were excluded from most studies which can lead to underestimation of urinary extravasation rates, as these patients usually have more severe injuries. Information on percutaneous nephrostomy was not provided in the screened articles, thus the actual rates of renal drainage for urinary extravasation may be higher. Additionally, most included studies are from high-volume level-1 trauma centers which are known to use expectant management at a higher rate compared to lower tier trauma center. Thus, the 29% rate of ureteral stenting might be an underestimation. However, better understanding of this incidence is important for urologists treating HGRT and highlights the importance of prospective trials to study management of urinary extravasation. Another limitation is that the pooled results, in our study, span decades of care during which diagnosis and management of renal trauma has considerably changed; so some rates from older studies may not be applicable to current management of urinary extravasation. Last but not least, the protocols and indications for ureteral stenting are not well-defined in urotrauma guidelines so physician and center preferences no doubt significantly affected the rates in different studies.
Conclusions
The incidence of urinary extravasation after high grade renal trauma was 29% (95% CI: 17-42%) for grade III-V injuries, 51% (95% CI: 38-64%) for grades IV and V, and 74% (95% CI: 61-85%) for grade IV renal injuries. The rate of ureteral stenting in patients with urinary extravasation was 29% (95% CI: 22-36%). Understanding these rates are essential as a first step for designing prospective trials to evaluate the utility and timing of ureteral stenting in the treatment of urinary extravasation after renal trauma.
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Methodology
We referred to Scoping Review (ScR) methodology per Arksey and O'Malley and The Joanna Briggs Institute Methodology for Scoping Reviews for this investigation (3, 38) . As a method of evidence synthesis, the ScR is useful to identify and characterize (or map) a body of literature rather than answer a focused question of effectivenessas do Systematic Reviews of effectiveness; and unlike the Systematic Reviews where all criteria and methods are specified a priori, the ScR allows for post-hoc decision making. Additionally, scoping reviews do not typically include quality assessment of the included studies. Given that the incidence of urinary extravasation is poorly reported, diagnosis is difficult, and management is not supported by evidence-based guidelines, the ScR approach suited the intention of this review-to provide a limited meta-analysis and narrative synthesis of incidence, diagnosis and management of urinary extravasation.
Inclusion criteria
All of the following criteria were required for inclusion:
 Adults 16 years and older;  High grade renal trauma defined using the American Association for the Surgery of Trauma (AAST) grading (4) as grades III-V (or equivalent);  Patients with diagnosed urinary extravasation (for calculation of incidence of urinary extravasation after high-grade renal trauma) or patients undergoing ureteral stenting for urinary extravasation (for calculation of rates of ureteral stenting after diagnosis of urinary extravasation);  Published 1989 or later [a post-literature search decision based on the publication date of the AAST grading system (4)].
Literature search
Due to a lack of controlled vocabulary or keyword references (e.g., Medline MeSH terms) for urinary extravasation in the literature, a sensitive search strategy, focused on renal trauma was used. A strategy was developed for OVID Medline, peer reviewed and then translated for the following databases: CINAHL (Ebsco), Cochrane Library (Wiley), and Embase. com. We also ran a keyword search in a collection of full-text journals via OVID, and checked reference lists of included or related studies. We used no language, methodological (study design), or date limits for the initial search. EndNote X7 software (Clarivate Analytics, Boston, MA, USA) was used to manage and deduplicate references.
Study selection
Title, abstract and full-text screening were conducted independently by two reviewers with disagreements resolved by consensus or a third reviewer. A PRISMA flow diagram on the screening and inclusion steps is available in the manuscript (Figure 1 ).
Data extraction
Data extraction was conducted by both reviewers. A data extraction form was developed in Excel and is available at the end of this document. When multiple studies from the same center with data overlap were available, we used data from the most recent study and used other reports to extract data not available in the most recent publication if needed. 
Data synthesis
Collected data, as well as the results from our literature search was used to identify knowledge gaps in incidence, diagnosis, and management of urinary extravasation after renal trauma. We calculated rates for ureteral stenting only when it was reported, because procedures such as nephrostomy tube and peri-renal drain placement, as well as open surgeries, were inconsistently reported, thus making it impossible to calculate meaningful rates of intervention for these procedures. Complication data was also rarely and inconsistently reported in individual studies and were not used for our analyses.
Incidence of urinary extravasation was calculated based on the extracted values for each study. The rates of urinary extravasation had to be reported differently based upon whether studies reported urinary extravasation rates in populations of grades III-V, IV-only, or IV-V. Rate of ureteral stenting was calculated in patients diagnosed with urinary extravasation. A meta-analysis of single sample binary proportions was performed using a random-effects model with the DerSimonian and Laird method (39) . The pooled estimate was calculated after applying the Freeman-Tukey double arcsine transformation to stabilize the variances. Confidence intervals (CIs) were computed using the exact binomial (Clipper-Pearson) method (40) . The meta-analysis was performed using the metaprop command (41) using STATA-15 statistical software (Stata corp., College Station, TX, USA).
